into it the rock tends to be pulled in such a way that the hole becomes elliptical and usually develops "ears"—extensions of the hole at the ends of the ellipse. To minimize this "spalling" problem, the driller must choose an optimum density for the drilling fluid. Drilling with water would mean that the pressure in the rock outside the borehole would be much higher than the support pressure of the water on the wall of the borehole (at the depths of interest), which could lead to the borehole collapsing inward. Using very dense mud can lead to the opposite problem, which can cause the surrounding rock to crack. Even the optimum mud density can do no more than to provide a pressure at depth that is the same in all directions; some cracking and elliptical growth of the cross section of the hole would still result. This must be taken into account, both as it affects deployment of the HLW or plutonium in the hole and as it affects the effectiveness of containment in the hole after the canister disintegrates in time.
Environmental Impact
Would the borehole reliably prevent the plutonium from being released into the environment at harmful concentrations? Although boreholes have not received anything like the technical scrutiny that has been applied to mined repositories, the great depth of the hole and the very low permeability of crystalline rock (granite) suggest that the risks of radioactive releases from such holes might be even lower than those from mined repositories. The small area of disturbed material, the long path to the surface, and the possibility of plugging many hundreds of meters of hole with diffusion and convection barriers may make this concept effective. Furthermore, the relatively small area exposed means that the materials will be exposed to only a small water flow, and poorly soluble materials such as plutonium will dissolve quite slowly. The main questions are how the plutonium might be conveyed to the surface once emplaced and the potential for accident during emplacement.
Crystalline rock at depth has very low porosity and hydraulic conductivity (the ability of water to move through the rock). This means that movement of the plutonium through uncracked rock would be extremely slow, even if water that might be in the borehole ultimately contacted and became saturated with the plutonium.5 But to keep the plutonium isolated for many millennia, the deployment hole must also avoid faults in the rock mass. The influence of horizontal, angled, and vertical faulting has been modeled, and it is clear that holes must not be located near vertical faults that might allow radionuclides to migrate toward the surface. If the borehole were connected at depth to a large, near-vertical fault and a similar connection were available near the top, density
Data are provided in Svensk Kambranslehantering AB, op. cit.the plutonium might be vitrified in a borosilicate glass before emplacement, as described in Chapter 6 for placement in a mined repository; in this case, vitrification could be without HLW, since the difficulty of access to the deep borehole would provide the primary barrier to retrieval _____   *...   .._i______    ______«.u~_: U.S. Government Printine Office. Mav IQQIVbe reached, doing so would almost certainly be time-consuming, delaying
